Summary Using national Medicare data from 1999-2006, we evaluated the relationship between travel distance and receipt of dual-energy X-ray absorptiometry (DXA). After adjusting for potentially confounding factors, travel distance was strongly associated with DXA testing. Rural residents were most strongly dependent on the availability of DXAs performed in physician offices.
Introduction
Osteoporosis is a common, chronic condition that often results in substantial morbidity and mortality related to fractures. The burden of osteoporosis is expected to grow substantially as the population ages, particularly for nonCaucasians [1] . Although osteoporosis can be identified on the basis of a fragility fracture, it is often defined prior to fracture by measurement of bone mineral density (BMD). Central dual-energy X-ray absorptiometry (DXA) is the preferred testing modality [2] . Once diagnosed, effective therapies to treat osteoporosis are available, and these have been shown to reduce fracture risk [3] [4] [5] [6] .
Although DXA testing can identify osteoporosis prior to fractures, in the United States (US), less than one-third of older women and less than 5% of older men receive such testing [7] . Given a strong relationship between DXA testing and initiation of osteoporosis medications [8] , DXA testing provides a potentially important mediating mechanism to reduce fracture-related morbidity and mortality. The indications for DXA testing for Medicare beneficiaries are clearly described in the 1998 Bone Mass Measurement Act [9] . DXA testing is reimbursed by Medicare for five indications, including screening for postmenopausal women, and is recommended in national guidelines for all women over the age of 65 [10] . Some groups also recommend testing for men over the age of 70 [2] .
Despite the important role that DXA plays in osteoporosis management, reimbursement for DXA in the US in the non-facility or office/outpatient setting has been reduced by recent legislative and regulatory changes. DXA reimbursement will be cut 60% from approximately $139 in 2006 to approximately $56 in 2010. This reduction is due to changes in the Physician Work and Practice Expense Relative Value Units (RVUs) assigned to central DXA (CPT code 77080) as part of the Five-Year Review of the Medicare Physician Fee Schedule (MPFS). Originally intended to be reduced in equal increments over 4 years, DXA reimbursement instead dropped 40% (to $81) from 2006 to 2007 due to the additional effects of Section 5102 of the Deficit Reduction Act which targeted cuts in advanced diagnostic imaging reimbursement to prevent cuts to the Sustained Growth Rate (SGR).
In contrast to non-facility DXA reimbursement which is determined by the MPFS and comes out of Medicare Part B, reimbursement for the hospital or facility setting is derived from Medicare Part A and remains unchanged. For Part A, Medicare uses an entirely different payment system based on a series of diagnostic related groups or DRGs. Payment is unaffected by RVUs or SGR. Moreover, expenses may not be comparable between the non-facility and facility setting as overhead for DXA comprises a far greater proportion of the total overhead of the practice than occurs in the hospital setting. In 2009, reimbursement for DXAs performed in the facility setting is approximately $86.
The effects of declining reimbursement for DXA have yet to be fully characterized, particularly since changes in reimbursement are still being phased-in. However, as a result of these cuts, some DXA providers who operate devices in physician offices and other outpatient settings (non-facility providers) will find it cost prohibitive to provide this service [11] . If so, DXA tests may be 'shifted' from non-facility sites to facilities. This may increase travel distances and other factors which could negatively affect access to DXA testing.
Therefore, we evaluated the relationship between travel distance and receipt of DXA among Medicare beneficiaries using longitudinal data from 1999-2006. We hypothesized that travel distance would be an important predisposing factor as to whether patients were tested or not, and that travel distance would most affect persons living in rural areas. We further evaluated the hypothetical impact on travel distance if non-facility providers were to cease providing DXA testing and testing was only available from facility DXA providers.
Materials and methods

Medicare data source and eligible population
After approval of the study protocol by the University of Alabama at Birmingham Institutional Review Board and the Center for Medicare and Medicaid Services (CMS), we obtained the Chronic Conditions Warehouse (CCW) claims data from Medicare for the years 1999 through 2006. These files provide all Medicare inpatient, outpatient, and physician claims data on a 5% random sample of Medicare beneficiaries linked longitudinally based upon the beneficiary's identification number [12] . Results based on the 5% sample were multiplied by 20 to obtain estimates for the Medicare Feefor-Service population; beneficiaries enrolled in Medicare HMOs were excluded from the analysis. In accordance with Medicare policies, use of the Medicare data was governed by a Data Use Agreement, and all results were reviewed by CMS for consistency with privacy provisions prior to public release.
Identification of central DXA tests
To identify claims submitted to Medicare for bone mass measurement for the years 1999-2006 we used the Healthcare Current Procedure Classification System (HCPCS) code for central DXA, 76075, in claims from the Medicare carrier and outpatient files. DXA procedures are billed either as a single claim, indicating that the billing provider (e.g., a physician) both performed and interpreted the test, usually in an office-based (non-facility) setting, or alternatively, as two claims, one for the technical charge for the test (which would be assigned to the billing facility such as a hospital) and another for interpretation (which would be assigned to the physician interpreting the DXA). In the latter circumstance, a testing facility (e.g., the outpatient department of a hospital) usually bills for the technical charge and a physician bills for the interpretation. Because claims for the technical charge and the interpretation are often not submitted by the same provider or on the same day, the use of HCPCS modifiers, -TC (technical component only) and -26 (professional component only), were examined to identify facility claims and link these separate components. Claims for DXA occurring within 15 days of one another were aggregated together as a single unit to permit such linkage. Each facility or non-facility site that performed at least one DXA in each calendar year was considered a 'DXA provider. ' Provider zip codes were identified using the relevant variable in the carrier file for non-facility providers and by linking to the CMS provider file for facility providers. Nine-digit zip codes were available for approximately three-quarters of providers; five-digit zip codes were used for the remainder. The number of DXAs performed at facility and non-facility sites was evaluated, stratified by calendar year. DXA provider sites then were aggregated by zip code to allow geographic analysis of all U.S. zip codes that contained at least one DXA provider. This process also created the 'universe' of zip codes of DXA providers needed to calculate travel distances.
Subject eligibility criteria
For the remaining analyses focused on individual subjects, beneficiaries were required to be at least 65 years of age as of 1/1/2003 and living in the 50 United States or the District of Columbia; Medicare beneficiaries younger than 65 are covered by Medicare mainly due to disability or end-stage renal disease. We excluded these people because their DXA utilization is likely to differ from that of the general population of Medicare beneficiaries. Eligible subjects must have had 12 months of Fee-for-Service (FFS) Medicare part A and part B and not be enrolled in a health maintenance organization (HMO) from [2003] [2004] [2005] [2006] . Persons receiving care from a Medicare HMO for part or all of a year over this interval were excluded because Medicare data do not include all of their outpatient claims.
Given our hypotheses regarding access to care that might differ based upon rural vs. urban residence, beneficiary residence was classified as urban or rural using two variables developed from zip codes. The first was for the Metropolitan Statistical Area (MSA) obtained from a zip code dataset provided by SAS Institute, Inc. which is based on Census Bureau data. The second variable was the Rural-Urban Commuting Area Codes (RUCA) classification of zip codes as 'urban core' or 'non-urban core' [12] . We then classified a zip code as urban if both variables indicated urban residence and as rural otherwise. The expected effect of this classification procedure is to improve the specificity of the 'Urban' designation. Since receipt of DXA in the prior 2 years is an important determinant of repeat testing [13] , we excluded persons who underwent central DXA in either 2003 or 2004.
Travel distance and data analysis
The primary dependent variable of interest was receipt of DXA in either 2005 or 2006, and the primary independent variable of interest was the estimated distance between beneficiaries' residence and the site of the nearest DXA provider. Because the distance was not directly observable for persons who did not undergo DXA testing, this travel distance was calculated (for all persons) as the distance between the centroid of each beneficiary's residential zip code and the centroid of every DXA provider's zip code. The minimum of all these distances was then selected. DXA providers were all sites that performed at least one DXA in each calendar year for any individual in the 5% sample. The validity of this procedure was examined among persons who received DXA in 2005 or 2006; reasonable agreement between estimated and actual distance was observed (Appendix).
Categorical variables were presented as frequencies and compared using chi-square tests of association. Multivariable negative binomial regression was used to evaluate the relationship between distance from each beneficiary's residence and the nearest DXA provider. This approach is a generalization of the Poisson regression and corrects for overdispersion; results can be interpreted as risk ratios. Potential confounders were included based upon a-priori interest and included: age, sex, race, geographic region of residence (as a proxy measure of regional variation in DXA reimbursement [13] , Charlson comorbidity score [14] , median income in 2000 in census block corresponding to beneficiary's nine-digit zip code, number of physician office visits in 2004, and at least one visit in 2004 to a rheumatologist or endocrinologist. Some analyses were stratified for urban or rural place of residence.
A "shift table" was then constructed with the rows showing the distance in 2006 that each beneficiary needed to travel to the nearest DXA provider. For the persons represented on each row, the columns show the new distance that these individuals would have to travel if the non-facility DXA providers (e.g., physician offices) stopped performing DXAs and only the facilities remained. These results were stratified by urban versus rural beneficiary residence. All analyses were conducted using SAS 9.1 (SAS Institute, Cary, NC).
Results
As shown in Fig. 1 , the number of central DXAs performed over the 8-year interval from 1999 to 2006 approximately doubled. The rate of increase tended to decline over time and this pattern was similar for both facility and nonfacility sites. Applying the beneficiary eligibility criteria previously described, the characteristics of the persons who received a DXA in 2005 or 2006 at non-facility and facility sites were compared with individuals who did not receive a DXA ( Table 1) . As shown, 8.0% of the eligible population (approximately two-thirds of those tested) received a DXA at a non-facility site compared to 4.2% who received a DXA at a facility site. Individuals who underwent DXA at a non-facility site had somewhat shorter travel distances compared to those receiving DXAs at facility sites or who did not undergo DXA testing. They also had higher incomes and more physician office visits. One notable difference is shown in the last row of the table; individuals receiving DXAs at non-facility sites were more likely to live in urban areas than individuals who had DXAs performed at facility sites or who did not undergo DXA.
The adjusted relationship between travel distance and receipt of DXA is shown in Table 2 . There was a strong relationship between travel distance and receipt of DXA. Other factors also associated with receiving a DXA included Caucasian race, female sex, more physician office visits, and previous medical care provided by a rheumatologist or an endocrinologist. Greater comorbidity had an inverse relationship with receipt of DXA.
The distance between beneficiary residence in 2006 and the nearest DXA provider is shown in Table 3 , before and after removing the non-facility DXA providers. As shown in the first column comparing urban and rural residence and including all DXA providers, the travel distance in 2006 was greater for persons living in rural rather than urban areas. The travel distance to the nearest DXA provider was more than 10 miles for approximately 11% of rural residents, whereas it was more than 10 miles for less than 1% of urban residents. The additional columns in Table 3 show how travel distances changed after removing nonfacility DXA providers. The change in travel distance varied most for rural residents. For example, for rural residents who initially had to travel less than 5 miles to the nearest DXA provider (75.4% of all rural residents), only 61.5% of them still had to travel less than 5 miles after removing the non-facility DXA providers. Overall, more than one-quarter of urban residents and more than one-third of rural residents who initially had to travel less than 10 miles had to travel more than 10 miles once the non-facility sites were removed. Figure 2a shows the geographic locations of the DXA providers in 2006 including both non-facility and facility sites. Figure 2b shows the hypothetical effect in the geographic availability of DXA after removing the non-facility providers. The most visually apparent changes were observed in the least dense areas on the first map.
Discussion
Using data from a national sample of Medicare beneficiaries, we showed that travel distance is strongly associated with receipt of DXA in 2005-2006. This relationship persisted even after accounting for differences in age, sex, comorbidity, health services utilization, and a number of other important potentially confounding factors. Over an 8-year period through 2006, there was a twofold increase in the number of central DXAs performed, and non-facility DXA providers performed approximately two-thirds of these tests. If due to national reduction in DXA reimbursements the non-facility sites were to stop performing DXAs, then based on travel distance, persons living in rural areas would have reduced DXA access. Overall, our data suggest that the availability of DXA is likely to be an important enabling factor [15, 16] in whether at-risk persons undergo testing or not. This is an important finding since fewer than one-third of older women and only 5% of older men have undergone testing [7] , and thus an unmet need exists based on recommendations from national guidelines [2, 10] . Moreover, receipt of DXA has been previously shown to be an important mediating factor to promote osteoporosis medication use among high-risk persons [8] that has been linked to a reduced rate of fractures [17] .
The potential implications of our results are best understood in the context of changes in reimbursement for central DXAs that selectively affected non-facility DXA providers. DXAs performed in 2006 were previously reimbursed by the Medicare program at $139 (including both technical and professional components). After a series of progressive cuts to Medicare reimbursement rates in the non-facility setting, central DXA payments are scheduled to Data are shown as n (%). All comparisons were significant at p<0.0001. [18, 19] . The net effect of these changes may be to shift a substantial portion of the tests currently being performed in non-facility settings to facility settings or to high-volume non-facility settings. A contraction in the number of DXA providers has the potential to limit patient access to a service that is recommended for a substantial portion of the population. Travel distance has been previously shown to be an important determinant of the timing of and receipt of important medical services such as cardiac catheterization and radiation treatment for breast cancer [20] . Unlike the acute or life-threatening nature of these conditions, however, DXA is often performed as a screening test and thus the impetus to perform it may be less compelling. Correspondingly, given less perceived need to obtain testing, barriers to access may be even more important [15, 16] , A previous report that evaluated the relationship between travel distance and receipt of DXA in New Jersey found only a weak relationship [21] . However, as the authors pointed out, New Jersey is a relatively small, urban state and travel distance were likely shorter than would be expected in other states with a higher proportion of rural residents. Indeed, the median travel distance in that report was only 3 miles. In our study, we found that >99% of urban-dwelling persons had travel distances <10 miles, and the likelihood of receipt of DXA was quite similar for persons who had to travel less than 5 miles compared with 5-9 miles.
We are cautious in the interpretation of our results in Table 3 that described the hypothetical scenario of the DXA providers included both non-facility and facility sites Non-facility sites are those outside of a hospital (e.g., a physician office). Data in each cell are the proportion of persons in each row who have to drive the distance specified in each of the columns after removing the non-facility DXA sites travel distance after removal of the non-facility sites. Even with declining DXA reimbursement, particularly affecting non-facility DXA providers, it is unlikely that all of them would stop providing this service. A recent analysis that evaluated the relationship between travel distance and receipt of chemotherapy as a result of the Medicare modernization act in 2003 that shifted some oncology services from physician offices to facility settings showed only modest effects of this policy change in terms of travel distance and wait times [22] . However, a subgroup analysis showed that those most affected were individuals living in rural areas, which is consistent with observations in our study. These results may or may not be generalizable to DXA utilization since chemotherapy services are typically ordered by oncologists, not primary care physicians who account for the majority of DXA ordering [7] . Moreover, besides travel distance, there likely are a number of factors that would be affected if DXA tests are shifted to facility providers. Possible outcomes/consequences that also may be impediments to access to care include the inconve- nience of obtaining testing in a facility that is often not proximate to physicians' offices, less continuity of care, and higher patient co-payments (e.g., 40% for facility DXAs compared to 20% for non-facility DXAs). Because the life-threatening nature of cancer treatment may provide more impetus to overcome these barriers compared to obtaining screening for osteoporosis, these factors may have a greater impact on receipt of DXA than receipt of chemotherapy. Our study must be understood in light of some potential limitations. Our distance calculations were based on zip code centroids. Although a majority of our data was based upon nine-digit zip codes, these distances do not necessarily reflect actual driving distance. However, this method has been previously observed to correlate well with driving distance [23] . Moreover, we showed high agreement between estimated distance and actual distance for those persons who did receive testing (Appendix). Our population represented the Medicare Fee-for-Service population and did not include commercially-insured individuals or those participating in government-sponsored managed care plans (e.g., Medicare Advantage). Travel distance relationships for these individuals may or may not be similar. Finally, we had no measure of DXA capacity or density (e.g., number of DXA scanners per number of persons in a geographic region). Attempting to estimate capacity or density in an administrative claims datasource would likely have limited validity given the large but variable numbers of persons age <65 and with other types of insurance that 'compete' for DXA capacity with the population we studied. For this reason, the hypothetical scenario presented in Table 3 showing only modest effects on travel distance if non-facility providers are excluded might be overly optimistic. The reasoning is that this analysis assumes an adequate capacity of facility DXA providers to perform tests that would otherwise have been performed by nonfacility DXA providers. However, the true impact on travel distance resulting from the reduction in non-facility DXA providers depends upon both the capacity of new or existing facility providers and the acceptability to patients and ordering physicians of obtaining DXAs in these facility settings.
In conclusion, travel distance to DXA provider is an important factor associated with receipt of DXA. Although recent legislative and regulatory changes affecting reimbursement of DXAs performed by non-facility providers may have only a limited impact on travel distance for persons living in urban areas, the effects are likely to be more substantial for rural residents. Additional work to evaluate the impact of these recent and ongoing cuts in DXA reimbursement is needed to determine the extent to which access to this important service has been affected. Numbers in each cell represent the proportion of the total sample size represented in that cell
